PACS. 47.20 -Hydrodynamic stability and instability. PACS. 47.25Q -Convection and heat transfer.
The discovery of travelling-wave convection in binary fluid mixtures in finite containers[ll has raised a number of interesting theoretical issues. In systems that are horizontally translation-invariant the appearance of spatially periodic travelling waves (hereafter TW) is described well by the Hopf bifurcation with O(2) symmetry [2] . The theory provides conditions under which TW are preferred over the competing standing waves (hereafter SW) and is in reasonable agreement with the experiments 131. A pure TW pattern cannot exist in a finite container, however. The sidewalls, in addition to modlfylng the TW pattern as described below, are also responsible for the presence of the so-called *blinking,, states, first discovered numerically [4] and subsequently observed in experiments [5] . In these states the direction of propagation of the wave reverses periodically, the reversals becoming more and more irregular with increasing Rayleigh number R.
In this letter we describe how the presence of distant sidewalls changes the bifurcation problem, and focus in particular on the dynamics of the *blinking>> states. The analysis is restricted t o small values of the supercriticality parameter R -R, and is asymptotically exact. To make the analysis systematic, we link R -R, to the aspect ratio of the system and consider two-dimensional TW convection in the container { -LIE s x S LIE, 0 s z S l}, where
, and 0 < E << 1. The resulting system is described by the scaled amplitude equations [6] A, = {Da; + sax + A + alBI2 + b(lAI2 + IB12)} A , B, = {ba; + sdx + + BlAI2 + b(lAI2 + lBI2)} B , (la) (1b)
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where X = E X , T = t are slow spatial and temporal variables, A and B are, respectively, the (complex) amplitudes of left-and right-travelling waves, and D is a complex diffusion coefficient. The quantity A is also complex and represents the threshold and frequency shifts due to the distant boundaries. In the following we use the subscripts r and i to denote real and imaginary parts. The parameter s is proportional to the group velocity, s (l/E)(aw/ak),, and hereafter is assumed to be O(1). This assumption restricts the validity of (1) to the vicinity of the codimension-two point [7, 8] . Provided a, # 0, b, # 0, and a, + 2b, # 0 the complex coefficients a, b are given at leading order in E by their values for spatially periodic solutions of the unbounded system. In the following we assume that a, < 0, b, < 0 so that in the unbounded system the TW bifurcate supercritically and are stable. This condition also holds near the codimension-two point 
where p, v are two complex reflection coefficients that can, in principle, be computed as in [lo] . These coefficients depend not only on the nature of the walls at X = f L, but also on L.
In an unbounded system the conduction state A = B = 0 loses stability when A, = 0; for the finite system we let
A -Ac = ELI and introduce the superslow time T = ET. The O ( E '~) problem then yields the instability threshold together with the corresponding eigenfunctions Ao, Bo. The streamfunction for the flow then takes the form ~x , ii) Standing waves, for which lvl= I w I # 0. There are two types, depending on whether the flow is in phase at opposite ends of the container or out of phase. We refer to these as SW;,,, the subscript indicating the value of 8 = argv + argw = 0, X . These two solutions are the only ones to bifurcate from the trivial state, and they do so in succession, with the first branch stable. Note that when s > 0 the left-travelling wave peaks in the left half of the box while the right-travelling wave peaks in the right half. This is responsible for the *chevron. patterns obtained from iii) Travelling waves, for which (211 # Iw(. There are two types, right-and lefttravelling waves, according to whether lwl c Iw( or 101 > Iwl, and they bifurcate in a secondary pitchfork bifurcation from one of the SW;,, branches. We call them RTW' and LTW', respectively, the prime indicating that in a finite container they cannot be pure rotating waves. They are, however, periodic in time ( fig. lb) ). 
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lvl< JwI and the wave travels mostly to the right (fig. 2~) ) .
These states are quasi-periodic and bifurcate from a SW' in a secondary Hopf bifurcation.
The conditions on a = argd for the MW' state to be present and its subsequent fate as A, increases have been analyzed in detail [14] . Figure 3 (,U, v real and O(1)) is described by fig. 3a) . Here the SW' branch loses stability to a supercritical Tw' and no MW' are present. "his is in contrast to the *blinking, states found by numerical integration of (1,Z) for the case CY = O (1) [9] . The analysis summarized in fig. 3 makes the following qualitative predictions: b) The sequence of transitions and especially the existence of the MW' should exhibit a strong dependence on the quantity 2L mod 27rdk,. In particular, with increasing aspect ratio the reversing states should repeatedly come and go.
c) The transition between MW' and TW' is either via a tertiary Hopf bifurcation [14] , or via the formation of a heteroclinic orbit at A = Ah (fig. 3) . In the latter m e the period between reversals approaches infinity (see fig. 2b) ) as -In (Ah -A) and the transition to TW' is hysteretic. These conclusions have to a large extent been verified in the experiments reported in [15, 16] . In particular, stable SW' are found in [151, followed by a transition to stable MW'. Both the amplitude and the reversal period are found to increase with the Rayleigh number [15, 161 , and the dependence of the MW' state on the aspect ratio is very sensitive [161. Even the observation [16] of a transition with increasing Rayleigh number from periodic to chaotic Nblinking, states was anticipated theoretically. In [13] (6) is expected to be broken by higher-order terms because T is only a normal form symmetry and not a physical symmetry. Higher-order terms that break T are expected to lead to chaotic dynamics near the global bifurcation at A = A,,. We model this effect by adding the terms 6(w, v) to the right side of (6). For small 6 the two frequencies on the MW' torus typically lock, in the manner described by the perturbed circle map
where Sa is the frequency ratio and Q = arg v -arg w. The locked states are created in saddle-node bifurcations as Sa varies. As A, increases the torus appears to break down, although the periodic orbits continue to exist, and form their own homoclinic or heteroclinic orbits between LTW' and/or RTW' interspersed with regions of chaos, much as described for a related problem in [17] . In fig. 4 we show solutions corresponding to fig. 2 when S/ldl= 0.29 exp [0.8i], including a quasi-periodic solution, a frequency-locked state (Sa=2/3), and the corresponding chaotic state. The nature of the resulting reversals between LTW' and RTW' is indicated in fig. 5 . The tendency towards irregular or chaotic reversals with increasing Rayleigh number, observed in the experiments [16] , may be related to the above scenario.
In this letter we have examined the effects of distant sidewalls on the transition to travelling-wave convection. We found that the initial instability always takes the form of a pair of counterpropagating waves with the symmetries of a standing wave. These SW' states are stable in a finite domain even in parameter regimes in which TW states are predicted in the unbounded system. If this is the case, the SW' states lose stability with increasing Rayleigh number to travelling states (TW') that are a mixture of left-and right- fig. 4(b), c) ). In a) the reversals between LTW' and RTW' are periodic; in b) they are aperiodic.
periodic boundary conditions in the axial direction the Hopf bifurcation from Couette flow typically gives rise to stable spiral vortex flow (TW) and unstable ribbons (SW). We have shown, that, if this is the m e , then in afinite system counterpropagating spirals (SW') will be the first state observed, followed by a distinct transition to either end-modified unidirectional spirals (TW') or, depending on the aspect ratio, to alternating spiral vortex flow (MW'). Similar behaviour is expected of the oscillatory instability of convection rolls [MI. The effect of imperfections on flow-induced oscillations in tubes is also described by the present theory [lS] .
